Abstract Objectives: This study sought to design and validate a reliable instrument to assess the quality of physician documentation.
Introduction
Many health care institutions have begun using and evaluating documentation in electronic health records (EHRs). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Electronic notes can improve legibility 3, 11 and availability. 3 Electronic documentation has the potential to improve the quantity and quality of data available in electronic health records, enabling automated decision support and data analysis. Electronic notes also could enable distribution within an institution's various clinical systems or exchange across institutions to improve clinical communication. 12, 13 However, the impact of electronic documentation on the quality of clinical communication is unknown. For the past 5 years, the eNote Research Team at Columbia University Medical Center's Department of Biomedical Informatics has been studying several aspects of electronic documentation. 5, 9, 14, 15 This article reports on our preliminary steps to develop an instrument to measure the quality of clinical notes.
Background

Unintended Consequences of Electronic Documentation
Despite its growing use and great promise, there are certain consequences of electronic documentation that suggest it is not a panacea. It takes physicians longer to write electronic notes than paper notes, 16 which may lead to input errors 17 and increased reliance on time-savers like "cut and paste" or "copy forward." 18 "Cut and paste," although perhaps useful and reasonable in some cases, may result in documentation errors or unreadable notes due to outdated or extraneous information. 4, [17] [18] [19] One study of the impact of computerized physician documentation by physicians found that it led to an increase in length, redundancy, poor formatting, and more overall "clutter" in clinical notes. 3 
Documentation to Support Transitions
As transitions in care become more common due to the emergence of hospital medicine, 20 the quality of documenta- tion for clinical communication becomes more important. 21 Increased involvement of hospitalists in caring for inpatients, heretofore followed up only by their own primary care givers, introduces discontinuity that could be mitigated by improved communication and documentation, especially with high-quality discharge summaries. 22, 23 A tool for assessing the quality of discharge summaries to support transitions might contribute to enhanced patient safety.
Pedagogical Opportunities
Writing high-quality notes is, in part, a training issue. However, residents receive little formal training in how to write good notes for communication, or billing, or legal purposes. Residents self-report that they are not confident in their knowledge about coding for billing purposes. 24 Investigators have promoted the idea of educational interventions early in training to encourage good documentation practices, 4, 25, 26 in one study leading to successful teaching interventions to enable better coding. 26 A few studies have evaluated the quality of residentauthored notes. Some investigators have evaluated methods using one-on-one record review: chart audit or chart stimulated recall. 25 Others have utilized standardized patients or objective structured clinical examinations (OSCE) to assess the quality of resident documentation. [27] [28] [29] [30] [31] These approaches are important steps in the systematic evaluation of resident-authored notes, but the validity and reliability of the instruments have not been established, or the methods are resource-intensive, requiring the training of standardized patients or development of standardized scenarios.
Template Design in Electronic Health Records
Another challenge that might be aided by an instrument to measure document quality is the development of templates within EHRs. Implementation of commercial EHRs often requires client-side development of documentation templates, and the ability of the client to customize the output of these notes is sometimes limited. Furthermore, electronic documentation could be a platform for delivery of guidelines. 32, 33 However, the effect of these "smart" templates on the quality of the produced notes is unknown.
Previous Approaches for Measuring Documentation Quality
Previous reports on clinical documentation quality have evaluated user preference of one format of document entry versus another, 34, 35 determining the appropriateness of clinical decisions 6 or treatment, 1 and correctness and completeness-the degree to which specific components of the encounter are accurate and captured. 6,7,27,36 -42 However, there are still gaps in knowledge about how best to evaluate clinical documents in a valid and reliable way, and few published instruments. 31 One problem is the way in which previous instruments have been developed. A review of the literature reveals few studies that result in an instrument that demonstrates construct validity and internal consistency reliability. In addition, many of the instruments created have been narrow in scope or were designed to be used in specific clinical situations. [27] [28] [29] 31, 39, 43 None were designed to be generalizable for use in evaluating multiple types of clinical documents (e.g., admission, progress, discharge notes). Moreover, past approaches to evaluation of documents have typically placed the focus on content over form. Prior work has emphasized whether the information contained in a document is accurate and complete and whether the actions of the clinician were appropriate, which are all characteristics that principally reflect content. Although content is an important feature, form (in some studies referred to as style) 29, 31 is also crucial for a document to convey critical information to other care providers. Consequently, we believe both form and content should be evaluated in a systematic way. We hypothesized that form-related factors would emerge as important components of document quality.
Gaps in Knowledge
Questions that remain unanswered include: What constitutes a good note? Do notes written in an EHR differ in quality from notes written with pen and paper or dictation? Do notes written electronically, but through different entry methods (free text, semistructured, fully structured), differ in quality? Is the effect of "copy and paste" on perceived document quality measurable? Can a simple instrument to measure document quality be useful to determine the effectiveness of educational initiatives for physician documentation? Does embedding guidelines or core measures data elements into electronic templates adversely affect the saliency or readability of notes? To what extent does output format affect the quality of clinical notes? To answer these important questions, we need a simpleto-use, validated, reliable way to measure the quality of physician documentation.
The quality of physician documentation is dependent on what function the documentation is meant to serve. Physician documents are used for many purposes and judged for quality on many different metrics that may not be congruent. For example, a physician may write a note intended to communicate the patient's clinical status for a colleague without regard for whether the note is compliant or would generate a "comprehensive" bill. As such, it might be deemed of excellent quality for the purposes of clinical communication, but poorly compliant and not supportive of a "comprehensive" bill.
This article reports on our preliminary effort to develop and validate an instrument to evaluate the quality of physician documentation to support clinical communication. Our use of established psychometric methods attempts to addresses several methodological issues with previously reported instruments regarding construct validity and internal consistency reliability.
Methods
Scope
In this study, we have limited the scope to the use of physician documentation to support clinical communication with other providers engaged in the care of the patient. We specifically did not predefine high quality in this functional context, as the purpose of this study is to discover key dimensions by assembling many published attributes and compressing them into the simplest instrument that captures most of the important features of high-quality notes. ment instrument based on these attitudes, psychometric approaches are appropriate to use in this context. The semantic differential scale and factor analysis are important psychometric tools used in instrument development. 44 The semantic differential is used to assess attitudes toward a concept, object, or individual. It consists of bipolar scales that are anchored with contrasting adjectives at each end, and respondents numerically rate toward the adjective with which they agree. A factor analysis is then used to group items into a set of factors that are related to the underlying theoretical constructs of interest, in this case identifying the major underlying characteristics that clinicians feel contribute to document quality.
As the theoretical basis for instrument development, we used the four factors recommend by the Institute of Medicine (IOM) for data quality in medical records: legibility, accuracy, completeness, and meaning. 45 These also formed the hypothesized constructs for the factor analysis.
Study Design
We used a descriptive, correlational design to assess the following questions: (1) What attributes do providers believe characterize high-quality physician notes? (2) What are the psychometric properties of the Physician Documentation Quality Instrument (PDQI)?
Definitions
Content validity is defined as the extent to which a measure represents all aspects of a given social construct. 44 For example, an instrument for documentation quality would lack content validity if it only measured completeness of a note, but failed to assess succinctness. Construct validity is defined as the extent to which an instrument measures the hypothetical construct that it purports to measure. 44 It can be used to determine whether a common factor underlies several different items. Face validity is the extent to which an instrument appears to measure what it purports to measure. 46 
Participants
All participants in this study were voluntary. This study was approved by the internal review board at Columbia University Medical Center (CUMC). Seven clinical experts were used to hone the list of possible adjectives derived from our literature review for development of the semantic differential scale component of the study. These clinical experts included one nurse and six physicians (three in internal medicine, one in rehabilitation medicine, one surgeon, and one radiologist). Three of the clinical experts were also study investigators (PS, FM, SB). Attending physicians, fellows, residents, and nurse practitioners in the Department of Medicine at CUMC were invited to participate in the survey for the factor analysis component of the study; 35 residents, 2 fellows, 22 attending physicians, and 4 nurse practitioners responded (3 additional respondents did not specify their training).
Development of the Semantic Differential Scale
A review of the published literature was performed to gather a comprehensive list of adjectives addressing document quality to be incorporated into the semantic differential scale. As no MeSH concept to describe document quality exists, this review consisted of combined keyword searches in Medline, including quality, standards, and clinical with documentation, note, narrative, medical record, and chart. A group of clinical experts (described above) was convened to establish the face validity of the preliminary adjective list. These seven clinicians were asked via an e-mail survey to rate the preliminary list of adjectives. Adjectives were ranked for importance as an attribute of quality in physician documents on a Likert scale from 1 to 5. Suggestions for new adjectives were also solicited from the experts to ensure that important attributes not mentioned in the scientific literature were included. The highest-rated adjectives were included in the semantic differential scale. Antonyms for the adjectives for inclusion in the semantic differential scale were selected by study investigators (FM, SJ, PS) using a thesaurus and group consensus. These activities focused on perceptions of domain completeness; no formal measure of content validity was used.
Construct Validity-Factor Analysis
To establish construct validity, a factor analysis was performed on clinicians' responses to a formal survey based on the semantic differential instrument. Participants in the survey were given a list of the adjectives and their antonyms separated by a 1-7 scale, with alternating position of positive and negative connotation. The following instructions were provided:
Select the position on the scale that best describes your idea of a high-quality admission note. For example, you would say "A high-quality admission note is ___________." The closer the position is toward an adjective, the more strongly you feel it describes a high-quality document.
The three document types-admission note, progress note, and discharge summary-were rated as separate concepts, with a separate set of identical adjective pairs for each type of document.
An invitation for voluntary participation in the survey was e-mailed to all internal medicine residents and general medicine attending physicians at CUMC. The e-mail contained a link to a web-based version of the instrument. Responses from the electronic form were collected automatically into a database. We included nurse practitioners at CUMC because they write the same types of notes as attending physicians and residents. Nurse practitioners were given paper versions of the instrument. Data collected by paper forms were added to the database manually.
After the data were cleaned, descriptive statistics were calculated. Semantic differential responses were then analyzed with factor analysis using SPSS 11.5 for Windows. Separate exploratory factor analyses were performed on discharge summary, admission, and progress notes. Discharge summaries were chosen as the basis for the naming of factors and for comparison with the hypothesized underlying factor structure, i.e., the IOM factors for data quality in medical records: legibility, accuracy, completeness, and meaning. The rationale for this choice was that discharge summaries are the note type most often evaluated for quality in the literature, thereby allowing comparison with other study results. They also contain the clinical reasoning contained in the admission note combined with a summarization of hospital stay reflected in the progress note, and this level of comprehensiveness may allow a higher level of generalizability.
The intercorrelation matrix of responses for each document type was submitted to a principal components factor analysis with Varimax (variance maximizing) rotation and Kaiser normalization. 47 Rotation using this method is an attempt to describe the information in several factors by re-expressing them so that loadings on as few initial variables are as large as possible. 48 This allows differentiation of distinct factors and explication of the fewest factors that explain the largest amount of variance. The Kaiser-Meyer-Olkin index was used to assess sampling adequacy. 49 This is a measure of the degree of intercorrelation among the variables and the appropriateness of factor analysis. Internal consistency reliability estimates were calculated using Cronbach's alpha for each document type and for each factor within a document type. Items that loaded similarly in two or more factors were placed with the factor that maximized the internal consistency reliability of the factors on which they loaded.
Results
Face Validity and Domain Completeness
Twenty-five adjectives were identified through the literature review. Eight of these either scored less well on the survey of experts or were redundant with other retained attributes. The eight that were removed included the following in alphabetical order: bad, cohesive, compelling, dense, good, insightful, long, and salient. Five other adjectives were added at the suggestion of the clinical experts, including: coherent, concise, consistent, structured, and synthesized. These were also scored for importance. The instrument resulting from this process consisted of 22 bipolar pairs of adjectives. The adjectives contained in the preliminary instrument are shown in Table 1 , with the mean score, standard deviation, and source (literature citation vs. expert panel) for each item.
Construct Validity Sample
For the factor analysis, 67 responses were obtained. Of the 67 respondents, 60 were physicians and four were nurse practitioners; three respondents did not identify their training. Of the 60 physicians, there were 35 residents, two fellows, and 22 attending physicians. This resulted in a response rate of 28%. The Kaiser-Meyer-Olkin index was 0.65, 0.71, and 0.71 for admission, progress, and discharge notes respectively, 50 indicating an adequate number of responses for the analyses.
Exploratory Factor Analyses
The data from the three note types were submitted to a principal components factor analysis with Varimax rotation for each note type. Using the Kaiser criterion for including factors with Eigenvalues Ͼ1, each analysis resulted in a unique factor solution for each note type.
Admission note. Factor analysis of the admission note type resulted in a six-factor solution. This solution accounted for 73% of total variance (Table 2 ). Overall internal consistency reliability for admission note items was 0.86, with internal consistency reliability for individual factors ranging from 0.52 to 0.88.
Progress note.
The exploratory factor analysis of the progress note type resulted in a six-factor solution ( Table 3) that accounted for 73% of total variance. The overall internal consistency reliability was 0.87, with individual factors' internal consistency reliabilities ranging from 0.59 to 0.84.
Discharge summary.
The exploratory factor analysis performed on the discharge summary note type resulted in a four-factor solution: factor I (6 items, factor loadings: 0.612-0.805, 37.6% variance), factor II (6 items, factor loadings: 0.566 -0.773, 13.7% variance), factor III (6 items, factor loadings: 0.489 -0.769, 7.7% variance), and factor IV (4 items, factor loadings: 0.662-0.876, 6.8% variance) ( Table 4 ). This solution accounted for 65.8% of the total variance of the data. Overall internal consistency reliability for discharge notes was 0.88, and internal consistency reliability estimates for the four factors ranged from 0.76 to 0.85. 
Comparisons among Exploratory Factor Analyses
Each factor solution was unique; however, four sets of items consistently factored together across all note types: (1) up-todate and current; (2) brief, concise, succinct; (3) organized and structured; and (4) correct, comprehensible, consistent. Several additional sets of items factored together across two note types: (1) complete and thorough (progress and discharge), (2) uncluttered and consistent (admission and progress), (3) uncluttered and synthesized (admission and discharge), (4) clear and organized (progress and discharge), (5) relevant and current (progress and discharge), and (6) succinct and nonredundant (admission and progress).
Naming of Factors and Comparison with IOM Factors for Data Quality
We named factors based upon the discharge summary note. Factor I, which we called Well-formed, comprised clear, uncluttered, organized, structure, nonredundant, and synthesized. Factor II, Comprehensible, included legible, coherent, useful, correct, comprehensible, and consistent. The six components of Accurate (Factor III) were up-to-date, complete, accurate, thorough, current, and relevant. Compact, the fourth factor, was made up of four items: brief, concise, succinct, and focused. Two of the IOM recommended attributes for data quality, accuracy and completeness, appear to measure the same underlying factor we called accuracy (Table 4) . We felt that our factor comprehensible was similar to the IOM attribute meaning, but the IOM attribute legible loads under comprehensible in our analysis. Two of our new factors (compact and well-formed) address form, which was not accounted for in the data quality attributes of the IOM.
Discussion
Using established psychometric methods, we developed and provided preliminary evidence for the construct validity and internal consistency reliability of the PDQI. The fact that the factor structures differed across note types is possibly due to the relatively small sample size. The Kaiser-Meyer-Olkin indexes ranged from 0.65 to 0.71 met the minimum but not optimal criterion for factor analysis. Another potential explanation is that clinician's perceptions regarding note quality vary by note type because each note type serves a particular primary function in the clinical workflow.
The resulting factors differ from those defined by the IOM. 45 This may be due to the original purpose of the IOM terms, which is to describe the quality of data in an EHR, not necessarily the quality of notes. Our factors of Well-formed, Comprehensible, Accurate, and Compact derived from the discharge summary factor analysis have the salutary features of being derived from published attributes, validated by provider attitudes, and inclusive of both form and content of notes. The factor Accurate refers to the extent to which the content of the document reflects the true state of the patient. Well-formed and Compact address how the note is composed (form). Well-formed signifies that the information is being presented in a way that contains a logical structure leading to a reasonable conclusion. Compact indicates that the note has the appropriate density of information within the given content. A fourth factor, Comprehensible, emerged as both content-and form-based, describing whether the transfer of information from the note to the reader occurs with meaning and compre- hension. One potential reason for the extraction of novel form-related factors that did not appear in the IOM definitions for data quality may be the distinction between data and documents, which are collections of data.
Our findings extend the work of other investigators in three ways. First, development of our documentation quality construct was done using validated psychometric methods for instrument design with measures of validity and reliability, something few studies have done to date. One study that reported on the development of an instrument to evaluate "consult letters" did employ measures of internal consistency reliability, but they observed lower scores (0.21-0.69) than in our study (0.67-0.89). 31 Furthermore, they did not establish content or construct validity. Second, our results suggest that some of the published attributes either measure the same underlying dimension of quality, or do not contribute to the overall construct of document quality. We were able to provide content validation for some of the attributes espoused by other investigators to determine document quality, such as legibility, completeness, correctness, and accuracy. 3,6,7,11,17,25-27,36 -43,45 However, our findings suggest that some of these recommended attributes factored together in our solution, suggesting they may measure the same thing. For example, in our exploratory factor analysis of discharge summaries, two attributes proposed in the literature as two separate measures (completeness and accuracy) 7, 27, 41 factored together (along with up-todate, current, thorough, and relevant) ( Table 4 ). In contrast, although correctness has been previously reported synonymously with accuracy, 7,27,41 we found it factored separately under the comprehensible factor (Table 4 ). The third way our results extend previous work is through validation of form as a key constituent of documentation quality. A few previous studies evaluated style, 29, 31, 51 which is related to form. Coakley et al. 51 determined that the writing style of resident-authored radiology reports was significantly improved after editing by attending physicians. They developed criteria specifically for use with radiology reports, including clarity, brevity, readability, and quality of the impression. Although clarity and brevity were aspects of form reflected in the final instrument we developed, Coakley's instrument did not address accuracy. Furthermore, it was developed for a specific clinical scenario, dictation of computed tomography scan reports by radiology residents. The instrument developed by Myers et al. 29, 31 addressed writing style as well as content for resident-authored consultation letters. This 34-item scale broke notes into four components (history, physical examination, impression and plan, and overall writing style). The instrument assessed resident competency for completeness, clarity/organization, and brevity, and had nine items devoted to a formative evaluation of writing style (uses active voice, avoids jargon, avoids repetition, one topic per paragraph, paragraphs with fewer than five sentences, one idea per sentence, use of appropriate headings, and appealing layout). However, the content and construct validity of these items were not established by the authors, and their use may not be generalizable beyond the resident consult letters that they studied. Our analysis discovered, validated, and assessed the reliability of two novel dimensions of the document quality construct related to form (Well-formed and Compact as described above). This is consistent with our prespecified hypothesis that form-related factors are important attributes of document quality.
The primary limitations of our study relate to size and representativeness of study sample and to its implementation in a single clinical setting. In regard to sample size and representativeness, we do not know why our e-mail survey response rate was only 28%, but it is consistent with response rates to e-mail surveys of this population in previous studies conducted by our group. The sample of 67 met minimum but not optimal criteria for factor analysis. Consequently, the extracted factors are unlikely to be stable. In addition, the factors we determined to contribute to note quality almost exclusively reflect the attitudes of physicians (60 of 67 respondents were physicians). Multiple professionals with a diversity of clinical training use documents in the course of giving care to patients, and these individuals may value attributes of quality that are different than those represented here. Third, there was limited variability in mean scores for many of the survey items; this may be the result of the relatively small sample size.
The construct validity of the PDQI requires further investigation in larger samples and for other note types. An assessment of the intrarater and interrater reliability of the use of the PDQI was outside the scope of this study, but will need to be completed to fully test whether the instrument can be reliably applied to score the quality of physician notes. The PDQI, if reliable, could be tested in both resident notes (for training) and attending physician notes (for continuous professional development). As proposed, this instrument could be used to evaluate the output of notes authored in EHRs versus paper, or by different entry modalities within EHRs. Finally, it may be that one or more of the factors are amenable to automated methods of evaluation. For example, the factor Compact could be measured as a ratio of findings within a given note to the length of the note. Natural language processing techniques could be applied to assess this.
Conclusion
Using established psychometric methods, we developed and established preliminary evidence for the construct validity and internal consistency reliability of the PDQI. We found that clinicians believe high-quality clinical notes should be wellformed, comprehensible, accurate, and compact. Two of these factors are novel and related to form (well-formed, compact). These findings resulted in a relatively simple 22-item instrument for measuring document quality. Further work is necessary to assess the applicability of the PDQI to other note types and to determine whether it can be reliably used to score documents.
